Lung cancer has been a leading cause of cancer death among male Japanese since 1993 1) . Although tobacco use is a major risk factor, many occupational agents, such as asbestos, arsenic, beryllium, hexavalent chromium, cobalt and nickel have been recognized to cause or suspected of causing lung cancer 2, 3) . Dentists and dental technicians have used, Beryllium (Be), Chromium (Cr), Copper (Cu), Gold (Au), Iridium (Ir), Iron (Fe), Mercury (Hg), Molybdenum (Mo), Nickel population.
Subjects and Methods
The cohort comprised members of the Osaka Dental Association identified from membership files available since 1960. The membership of Osaka Dental Association covers approximately 90% of dentists who work in Osaka Prefecture, which had 8.7 million residents in 1995. Each record contains information about name, address, sex, birthdate, date of joining the Osaka Dental Association and the date of leaving the Osaka Dental Association. Almost every dentist in Osaka joins the Osaka Dental Association immediately after he/she gets the national license for dentists. Membership expires when they move outside Osaka Prefecture, finish their dental work for some reason or when they die.
In the membership file, we excluded : ➀103 leaving the Osaka Dental Association before 1964, ➁1814 joining the Osaka Dental Association after 1985, ➂806 aged 50 or older on January 1, 1964, when the data of the Osaka Cancer Registry (OCR) became freely available, 256 female members, ➄357 residents outside Osaka Prefecture, and 18 members whose date of leaving the Osaka Dental Association was not known. The remaining 3,314 members were eligible. The subjects comprised 1,033 dentists alive on January 1, 1964, who had joined as a member of the Osaka Dental Association, and 2,281 dentists who had joined the Osaka Dental Association between January 1, 1964 and December 31, 1985 . The date of entry into the study was January 1, 1964 for the first group and the date of joining the Osaka Dental Association for the second, respectively.
A follow up was performed by linking to the file of OCR using the subject's name, sex, birth date and address.
The OCR has been operating since 1962, registering all cancer cases in reports from hospitals and clinics and death certificates collected from the Osaka Prefectural Government. The end of the follow up was the date of leaving the Osaka Dental Association including the date of death, the date of diagnosis of lung cancer or December 31, 1997, whichever occurred first.
The number of lung cancer cases observed was compared with the expected number, which was calculated by five-year age-and five-year calendar time specific incidence rates for the general population of Osaka, which were prepared by the OCR. Statistical tests of the ratio of observed to expected numbers (O/E ratio) were based on the assumption that the observed number followed a Poisson distribution. If the 95% confidence interval (CI) did not include 1.00, the O/E ratio was considered to be statistically significant (P<0.05).
Results
The birth year of 3,314 members varied from 1914 to 1959, and their mean age at the beginning of the follow up was 32. They contributed 78,210 person years of observation from the mean length of follow up was 23.6 yr (Table1). Twelve percent (392/3314) of the members died during the follow up. We identified 39 members diagnosed with lung cancer. The risk of developing lung cancer was almost the same as unity (O/E=1.01, 95% CI=0.72-1.39). When the risk of developing lung cancer was calculated with the 4 birth cohorts (1914-19, 1920-29, 1930-39 and 1940-1959) , no significant increased risks were founded (O/E=0.33-1.34, Table1). Also, there was no statistically increased risk of developing lung cancer in the every follow up (Table2). 
Discussion
The results of this study show that there is no significant difference in lung cancer risk between male members of Osaka Dental Association and the general population in Osaka (O/E=1.01, 95%CI=0.72-1.39). We did not observe the increased risk of lung cancer that we suspected beforehand. There was also no statistically increased risk of developing lung cancer in every birth cohort or in every follow up. There are a few cohort studies about on the morbidity of lung cancer in dentists. According to previous studies in Finland 18) and Sweden 19) , no increased risk was observed.
Sakuraba reported large amounts of respiratory dusts generated in dental operating rooms and scattered around the operator during treatment 11) . The work of dentists includes dental laboratory work. In Japan, approximately 10% of crowns or porcelain fillings are manufactured by dentists themselves and 90% of them are manufactured by dental technicians 20) . It is considered that, in the past, dentists did more portion of this kind of work 21) . Brune and Fukuzawa reported that respiratory dusts, including chrome, cobalt and nickel, were generated in the dental laboratory room, and measured the volume [12] [13] [14] [22] [23] [24] . Dentists have inhaled and will inhale the dust of those agents through the airways during their treatment and dental laboratory work.
Ohmori reported that chromium, cobalt and nickel are present in the hair of dental technicians more than in other occupational workers 25) . It has been observed that there is more chromium and cobalt in the lung tissue of dental technicians than in other occupational participants [25] [26] [27] [28] [29] . It is reported that several dental technicians were positive in a lymphocyte transformation test which is a technique for evaluating sensitization to beryllium 30) . Kotloff reported a dental technician who developed chronic beryllium disease as a result of exposure in the workplace 31) . Workers in the primary chromate production industry and chromate pigment industry have consistently shown risks of lung cancer [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] . Workers in these industries may be exposed to a variety of forms of chromium, including hexavalent [VI] and trivalent [III] chromium compounds 43) . Chromium [VI] is carcinogenic to humans, but it is reported that dental materials, for example chromium-cobalt alloy, include a little 13) . IARC lists chromium [III] as Group2B (possibly carcinogenic to humans) 43) . A TLV-TWA (Threshold Limit Value-Time Weighted Average) of 0.5 mg/mg 3 , as metal and trivalent chromium compounds, is recommended to minimize the potential risk of respiratory disorder, by ACGIH 44) . Epidemiological and experimental observations show that cobalt will be carcinogenic in the human lung 32, 45) . IARC lists cobalt as Group2B (possibly carcinogenic to humans) 43) . Exposure to 0.1 mg/m 3 or less of cobalt metal and inorganic compounds of cobalt caused asthma and changes in pulmonary function 44) . Some experiments show that large volume cobalt exposure caused lung cancer in animals, but the human threshold of carcinogenesis is unknown. A TLV-TWA of 0.02 mg/m 3 , as cobalt, is recommended to minimize the potential risk of developing asthma, pulmonary malfunction and myocardial effects, by ACGIH.
Occupational exposure to nickel in nickel smelters and refineries is associated with an increase in cancer of the lungs and the nasal sinuses 32, 33, 42, [46] [47] [48] . Nickel compounds and metallic nickel have been classified as Group 1 (carcinogenic to humans) and Group 2B (possibly carcinogenic to humans) by IARC, respectively 43) . It is reported that respiratory cancer risks in nickel refinery workers were preliminary related to exposure to excess of 1 mgNi/m 3 for soluble nickel and 10 mgNi/m 3 for insoluble nickel 44) . Follow-up studies have revealed that individuals with chronic beryllium disease have a higher incidence of lung cancer than the general population. IARC lists beryllium as Group1 (carcinogenic to humans) 43) . There have been two reports in which workers with apparent exposure below the current TLV of 0.002 mg/m 3 developed chronic beryllium disease 49, 50) . A TLV-TWA of 0.002 mg/m 3 , as beryllium, is recommended by ACGIH to minimize the likelihood of developing chronic beryllium disease and potential lung cancer.
Kidokoro and Amano observed the work of dentists and reported that grinding work is limited to 30 min at longest per day, and dental laboratory work to 2 h at longest per day 51, 52) . Their working time is shorter than that of chromate workers et.al. According to Fukuzawa, the volume of exposure to dusts (Cr<0.01-0.01 mg/m 3 , Co 0.01-0.10mg/m 3 with a local exhaust system) is smaller than that of hard metal workers. It is observed Individual exposure to chromium, cobalt and nickel in dental laboratory rooms and their levels of the agents in saliva have been studied. According to Suyama 53) , the volume is smaller than that of mine workers 54) . The studies that have shown an association between beryllium, chromium, cobalt or nickel exposure and lung cancer have concerned subjects who worked in the production of chromium salt, metal electrolysis chroming, nickel refineries or hard metal workers, meaning that exposure to the agent was continuous and much higher than that of the dentists. If their exposure to heavy metals is lower than that of hard metal workers et al., its contribution to an increase in lung cancer incidence in dentists is restricted.
Data on tobacco consumption and the history of the subjects were not available in our study. Smoking has often been mentioned as a confounding factor in studies of the relationship between lung cancer and occupational factors. Data on tobacco consumption of Japanese dentists are limited. Nevertheless, recent cross-sectional surveys of other groups of Japanese dentists have shown that the average smoking rates among the male dentists are 22% 55) , 33% 56) and 35% (Personal communication from Hyogo Dental Association) or 40% (Personal communication from Kagoshima Dental Association and Dr. Hideo Ichiki), which are remarkably lower for Japanese male in general (52%: 2001) 57) or male Japanese in Osaka Prefecture (53%: 1997, 60%: [1985] [1986] [1987] [1988] [1989] 58, 59) . Hyogo Prefecture is the neighbor of Osaka Prefecture; Both Osaka and Hyogo Dental Associations have many members graduated from the same dental school. It seems that they have the similar life styles. The smoking rate of Hyogo Dental Association members was about 40% in 1983 to 1997 (Personal communication from Hyogo Dental Association), which is clearly lower than that of the general Japanese male population 60) . We suspect that Japanese male dentists, including our study subjects, also had a lower smoking rate than most male Japanese 1964-1997. Since the smoking rates in our study subjects have been lower than those of most Japanese in the study period, the impact of lung cancer risk by occupational factors in the current analysis has been underestimated. The relative risk in Japanese males is reported to be about 4 to 5 [61] [62] [63] [64] . The smoking rate for Japanese males reached its highest point in 1966, and thereafter it has been decreasing, so that it was down to 56% in 1997 60) . It is supposed that smoking by most males in Osaka Prefecture is similar with that of Japanese males in general. If the relative risk of lung cancer due to smoking in the study subjects was same as in Japanese males in general (4.5), and the study subjects had a lower smoking rate (40%) than that in the same birth cohort of male Osaka residents (70%), the expected number of lung cancers (E) is calculated to be 26.96. As a result, the O/E ratio is increased to 1. 45 .
Our results do not show an increased risk of lung cancer in male Japanese dentists, but, on the basis of our data, it is necessary to conduct further study on the risk of lung cancer in dentists correcting with their smoking habit.
